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(54) rule: A CALCITONIN PREPARATION 



(57) Abstract 



An oral calcitonin preparation includes an absorption enhancer and. optionally, a protease enzyme inhibitor. The enzyme inhibitor 
is selected from aprotinin. potato carboxypeptidase inhibitor and chymostatin. The enhancer may be a bile acid or salt thereof, 
especially sodium glycocholate. sodium cholate or sodium deoxycholate. Alternatively the enhancer may be a non-ionic surfactant, 
preferably a polyoxycthylcncglyccroltriricinolcat derivative. The enhancer may also be a cyclodextrin or its derivatives such as a 
hydroxypropylbetacyclodextnn. 
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"A Calcitonin Preparation" 

The invention relates to a calcitonin preparation. 

Calcitonins are medicaments which are particularly useful 
in achieving a hypocalcemic effect. Calcitonin lowers 
blood calcium levels by increasing urinary calcium 
5 excretion and inhibiting bone resorption. It is used 
therapeutically to treat osteoporosis , Padget's disease 
and hypercalcemias . 

There are major problems to be overcome to achieve the 
successful delivery of calcitonins. The problems include 

10 degradation of the drug by various proteolytic enzymes and 
poor permeability through lipoidal mucous membranes due to 
the non-lipophilic nature of calcitonins. Consequently, 
the major route of administration of calcitonins to date 
has been by parenteral injection producing a number of 

15 gastric and vascular side effect. In addition, the 
biological half-lives of calcitonins are very short and 
frequent administration is required to maintain activity. 
If calcitonins are to be widely used in the future non 
parenteral routes of administration, which allow self- 

20 medication and enhance patient compliance, must be 
developed . 

Several alternative non parenteral routes of 
administration for calcitonins including: oral, nasal, 
vaginal, rectal, buccal and pulmonary have been 

25 investigated with varying degrees of success. The nasal 
route is better tolerated than the parenteral route 
however, local nasal irritation is common. The oral 
route, however, is the preferred route as it is the 
safest, most convenient and most widely acceptable to the 

30 patient. In addition, the intestinal tract is intended 
for absorption in contrast to other routes such as the 
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nasal route. Using other routes than oral for prolonged 
administration might therefore induce unpredictable side 
effects. To date however , attempts to achieve oral 
delivery of calcitonins have not been entirely successful. 

5 The object of the invention therefore is to provide an 
oral dosage form for calcitonins. 

According to the invention, there is provided an oral 
calcitonin preparation comprising:- 

a calcitonin; and 

10 an absorption enhancer. 

In one embodiment of the invention/ the preparation 
includes an enzyme inhibitor, especially a protease enzyme 
inhibitor. The inhibitor is preferably selected from one 
or more of aprotinin, potato carboxypeptidase inhibitor 
15 and chymostatin. Most preferably the inhibitor is or 
includes potato carboxypeptidase - 

In one embodiment of the invention the absorption enhancer 
is selected from at least one bile acid with the basic 
bile acid structure including glycocholic, taurocholic, 
20 chenodeoxycholic , ursodeoxycholic, deoxycholic and cholic 
acids. 

In another embodiment of the invention the enhancer 
alternatively or additionally is a non ionic surfactant, 
preferably a polyoxyethylene-glyceroltriricinoleat 
25 derivative, especially Cremophor EL (Trade Mark of BASF). 

In a further embodiment of the invention the enhancer 
alternatively or additionally is a cyclodextrin or its 
derivatives such as hydroxypropylbetacylodextrins (HPBCD). 
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In a preferred embodiment of the invention, the bile acid 
salt is an alkali metal salt, preferably a sodium salt. 

Preferably, the enhancer is sodium glycocholate, sodium 
chelate and/or sodium deoxycholate. 

5 Preferably the calcitonin is salmon calcitonin or human 
calcitonin . 

In a particularly preferred embodiment, the oral 
calcitonin preparation comprises:- 

a calcitonin, preferably salmon calcitonin or human 
10 calcitonin, 

sodium glycocholate, sodium cholate and/or sodium 
deoxycholate and 

potato carboxypeptidase . 

The preparation may be in a liquid form but is preferably 
in a solid form which is incorporated into a tablet or 
capsule. Typically the solid form is prepared by freeze 
drying with appropriate stabilising or lyoprotectants such 
as polyethyleneglycol e.g. PEG6000, sugars including 
glucose, lactose, trehalose, and/or mannitol. The 
preparation preferably also includes pH regulator (s ) . 

The term "calcitonin" includes calcitonins which are 
naturally occurring (whether extracted or produced 
synthetically) and derivatives and analogues (including 
those involving non-peptide linkages) having a 
25 hypocalcemic effect or calcitonin-like activity. in 
particular calcitonins include salmon calcitonin and human 
calcitonin . 



15 



20 
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The term "bile acid" embraces all bile acids with the 
basic bile acid structure, both conjugated and 
unconjugated, and includes glycocholic, taurocholic, 
chenodeoxycholic ^ ursodeoxycholic, deoxycholic and cholic 
5 acids. Pharmacologically acceptable salts of such acids 
are also included, particularly alkali metal salts, 
especially sodium salts* 

The invention will be more clearly understood from the 
following description thereof given by way of example 
10 only. 

We have discovered that the bile salt sodium glycocholate 
(NaGLY) sodium chelate and sodium deoxycholate not only 
enhance the intestinal absorption of salmon calcitonin 
(sCT) with a resultant increase in hypocalcemic effect, 
15 but also delays/prevents degradation. Further, the 
inclusion of a range of protease enzyme inhibitors 
including aprotinin, potato carboxypeptidase inhibitor 
(pCPI) and chymostatin have a synergistic effect on the 
effects of these bile acid salts. 

20 1. Intestinal Stability 

In-vitro stability studies investigating the stability of 
sCT in rat gut homogenate have been undertaken. The 
effects of NaGLY and a range of protease inhibitors on the 
degradation of sCT in rat intestinal homogenate after 10 
25 minutes exposure at pH 7.4 and 4.2 are shown in Table 1. 
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Table 1: The efTects of a range of protease inhibitors on the degradation of sCT i 
intestinal hotnogenate after 10 minutes exposure in pH 7.4 and pH 42, 



in rat 



Inhibitor 



Type 



% Inhibition pH % Inhibition pH 
7.4 42 



18.8 uM 

Trypsin/Chymoirypsin 
2{)0 uM 

Phosphoramidon 
10 0.5 mg/ml Aprolinin 
2(XJ uM TLCK 
15 nM 

NaGlycochoIale 

200 uM pCPl 

15 2mM N- 

Ethyimaieimidc 

200 uM 1,10- 
Phcnanlhrolinc 



serine protease 

metal protease: 

serine protease 
papain and trypsin 



carboxypepiidase 
sulfahydryl agent 

chelator 



2 mM Chvmostatin serine protease 
20 500 uM Pcpsiatin A aspartic protease 
2 mM Bacitracin aminopeptidasc 



16.4 

17.6 

43.8 
-7.8 
70.0 

75.8 
-21.1 

-34.1 

53.7 

2.4 

-30,6 



0.5 

■0.1 

2,8 
2.6 
8.1 

4.7 
6.5 

6.5 

ND 
ND 
ND 
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10 



Maximum protection against degradation was obtained in the 
presence of NaGLY, pCPI, chymostatin and aprotinin. 
Combinations of NaGLY with various enzyme inhibitors 
produced synergistic effects and resulted in further 
protection against degradation as outlined in Table 2. 

TABLE 2 

Syneriiistic effect of protease inhibitors on the degradation of sCT in rat intestinal 
liomogenate after 20 minutes exposure in pH 7.4 and pH 6.5. 

INHIBITOR * INHIBITION pll 7.4 % INHIBITION pH 6.5 

15 mM NaGlycocholaic 833 86.2 
0.5 mg/ml Aprotinin 

200 uM pCPI 733 82-8 

• • 879 
NaGly7Aprotinin 

15 N3Gly./pCPI 88.2 90.1 

- ■ 84' 
pCPI/Aprotinin 

. ■ 004 
NaGly7pCPl/Aproiinm 

These results are plotted in Figures 1 and 2 . 

Protection of calcitonin against degradation in rat gut 
20 homogenate was also obtained with sodium cholate and 
sodium taurocholate as will be apparent from Figures 3 and 
4. 

2. Enzymatic activity in the upper versus lower gut 

The enzymatic activity in the terminal ileum was also 
25 assessed by investigating the in-vitro stability of sCT in 
intestinal mucosal homogenate collected from this region, 
m the case of drug alone (sCT) significant degradation 
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occurred, with less than 20% remaining after 30 min. The 
combination of NaGLY/pCPI significantly decreased the 
degradation of sCT in the lower region of the intestine as 
will be apparent from Figure 5. 

The overall level of enzymatic activity in the intestine 
is lower in the lower regions of the gut. Consequently 
protection of the drug until it reaches, for example the 
colon, using technology that will be familiar to those 
skilled in the art, should further optimise the scope of 
the delivery system of the invention. 

3. Rat Intestinal Perfusion Model 

In this model, two parameters have been monitored, in the 
absence and presence of enhancer: 

(a) changes in sCT concentration in the intestinal 
15 perfusate with time and 

(b) changes in plasma calcium levels, as sCT produces a 
hypocalcemic effect this pharmacological response can 
be measured and used as an indication of sCT 
absorption, 

20 In the presence of NaGLY a trend towards a decrease in 
steady state perfusate concentration of intact sCT 
relative to the control was observed (Figure 6). This 
decrease normally reflects enhanced absorption. 
Corresponding plasma calcium levels were determined 

25 (Figure 7), relative to buffer alone and sCT alone. The 
presence of NaGLY resulted in an increase in 
pharmacological response as reflected in a decrease in 
calcium levels. 
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The results suggest that a combination of specific 
protease enzyme inhibitors such as aprotinin, pCPI and 
chymostatin together with an enhancer such as NaGLY can 
increase the absorption and hence the bioavailability of 
5 sCT. 

4 . Pharmacological Response Data 

Pharmacological response data obtained following 
intravenous (I,V.) bolus administration of sCT was used to 
construct a dose/response curve. Figure 8. This Figure 
shows the area above the intensity curve <AAIC) data, 
determined from plasma calcium data, as a function of sCT 
concentration. Calcium levels were also monitored after 
intraduodenal (I/D) perfusion of sCT alone, sCT/NaGLY, and 
sCT/NaGLY/pCPI and the appropriate AAIC values were 
calculated. Comparison of the I/D data with the I.V. dose 
response curve implies a two fold increase in drug 
permeability in the presence of the excipients . This 
increase in permeability is likely to increase in a whole 
animal model, as the contribution of pCPI will be more 
evident. 

5. Additional support for increased membrane 
transport/absorption of sCT in the presence of 
absorption enhancers • 

A human intestinal tissue culture model was also used to 
25 assess the transport of sCT. Enhanced transport was 
observed in the presence of the bile salts Na cholate, 
NaGLY, deoxycholate and taurocholate, the non-ionic 
surfactant Cremophor and cyclodextrin HPBCD. The data is 
given in Figures 3, 10 and 11. 



15 



30 6. Formulation 
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The oral preparation may be in a liquid form but is 
preferably in a solid form which is incorporated into a 
tablet or capsule. Preparation of the solid form will 
typically involve freeze drying with appropriate 
5 stabilising agents and/or lyoprotectants such as PEG6000, 
sugars including glucose, lactose, trehalose, and/or 
mannitol • 

We have observed that the drug is subject to less 
degradation if the pH is maintained at from 3 to 6 , 
10 preferably approximately 4. For this purpose the 
formulation may include pH regulator (s) typically prepared 
from solid organic acid^s such as citric or tartaric or 
succinic acids and/or their salts, alone or in 
combination. 

15 The oral formulation will therefore typically consist of: 

Calcitonin 
Absorption Enhancer 
Protease Inhibitor 
Lyoprotectant ( s ) 
20 pH Regulator(s) 

The solid formulation will typically be enclosed in a 
gelatin capsule or formulated as a tablet by techniques 
known in the art. The formulation will be pretreated with 
an enteric coating polymer. The enteric coating provides 
25 protection of the drug against decomposition in the 
stomach and facilitates the release of the formulation 
components in the intestinal tract. 

The invention is not limited to the embodiments 
hereinbefore described which may be varied in detail. 
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CLAIMS 

1. An oral calcitonin preparation comprising:- 

a calcitonin; and 

an absorption enhancer. 

5 2. A preparation as claimed in claim 1 including an 
enzyme inhibitor. 

3. A preparation as claimed in claim 2 wherein the 
inhibitor is a protease enzyme inhibitor. 

4. A- preparation as claimed in claim 3 wherein the 
10 inhibitor is selected from one or more of aprotinin, 

potato carboxypeptidase inhibitor and chymostatin. 

5. A preparation as claimed in any of claims 2 to 4 
wherein the inhibitor is or includes potato 
carboxypeptidase inhibitor . 

15 6. A preparation as claimed in any preceding claim 
wherein the absorption enhancer is at least one bile 
acid or salt thereof. 



7. A preparation as claimed in claim 6 wherein the 
absorption enhancer is selected from bile acids with 
20 the basic bile acid structure both conjugated and 

unconjugated including glycocholic, taurocholic, 
chenodeoxycholic , ursodeoxycholic, deoxycholic and 
cholic acids. 



8. 

25 



A preparation as claimed in claim 6 or 7 wherein the 
bile acid salt is an alkali metal salt. 
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9. A preparation as claimed in claim 8 wherein the 
alkali metal salt is a sodium salt. 

10. A preparation as claimed in any preceding claim 
wherein the enhancer is or includes sodium 

5 glycocholate. 

11. A preparation as claimed in any preceding claim 
wherein the enhancer is or includes sodium chelate. 

12. A preparation as claimed in any preceding claim 
wherein the enhancer is or includes sodium 

10 deoxycholate: 

13. A preparation as claimed in any preceding claim 
wherein the absorption enhancer is or includes a non- 
ionic surfactant. 

14. A preparation as claimed in claim 13 wherein the 
15 absorption enhancer is a polyoxy- 

ethyleneglyceroltriricinoleat derivative . 

15. A preparation as claimed in claim 14 wherein the 
absorption enhancer is Creroophor EL. 

16. A preparation as claimed in any preceding claim 
20 wherein the enhancer is or includes a cyclodextrin 

or its derivatives. 

17. A preparation as claimed in claim 16 wherein the 
enhancer is a hydroxypropylbeta-cylodextrin. 

18. A preparation as claimed in any preceding claim 
25 wherein the calcitonin is salmon calcitonin. 
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19. A preparation as claimed in any of claims 1 to 17 
wherein the calcitonin is human calcitonin. 

20. An oral calcitonin preparation comprising:- 

a calcitonin, preferably salmon calcitonin or 
5 human calcitonin^ 

sodium glycocholate, sodium chelate or sodium 
deoxycholate and 

potato carboxypeptidase . 

21. An oral calcitonin preparation substantially as 
10 hereinbefore described with, reference to the 

Examples . 

22. An oral calcitonin preparation as claimed in any 
preceding claim in a liquid form. 

23. An oral calcitonin preparation as claimed in any of 
15 claims 1 to 21 in a solid form, preferably 

incorporated in a tablet or capsule. 

24. An oral calcitonin preparation substantially- as 
hereinbefore described. 

25. A pharmaceutical composition for oral administration 
20 of a calcitonin comprising an oral preparation as 

claimed in any preceding claim. 

26. A pharmaceutical composition as claimed in claim 25 
in the form of a tablet or capsule having an enteric 
coating. 
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27. A pharmaceutical composition as claimed in claim 25 
or 26 wherein the composition includes stabilising 
agent (s) and/or lyoprotectant ( s ) , 

28. A pharmaceutical composition as claimed in claim 27 
5 wherein the lyoprotectant ( s ) is selected from a 

polyethylene glycol, sugars including glucose, 
lactose, trehalose, and/or mannitol. 

29. A pharmaceutical composition as claimed in any of 
claims 25 to 28 wherein the composition includes pH 

10 regulator(s) . 

30. A pharmaceutical composition as claimed in claim 29 
wherein the pH regulator(s) is prepared from organic 
acids such as citric or tartaric or succinic acids 
and/or their salts either alone or in combination. 



15 31. 



A pharmaceutical composition substantially as 
hereinbefore described. 
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Figure 6 The effect of excipient on sCT 
concentration in the rat gut perfusate 
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